We present deep HST/WFPC2, rest-frame U images of 17 ∼ L ⋆ quasars at z ≈ 1 and z ≈ 2 (V and I bands respectively), designed to explore the host galaxies. We fit the images with simple axisymmetric galaxy models, including a point-source, in order to separate nuclear and host-galaxy emission. We successfully model all of the host galaxies, with luminosities stable to within 0.3 mag. Combining with our earlier NICMOS rest-frame optical study of the same sample, we provide the first rest-frame U − V colours for a sample of quasar host galaxies. While the optical luminosities of their host galaxies indicate that they are drawn purely from the most massive ( > ∼ L ⋆ ) early-type galaxy population, their colours are systematically bluer than those of comparably massive galaxies at the same redshift. The host galaxies of the radioloud quasars (RLQ) in our sample are more luminous than their radio-quiet quasar (RQQ) counterparts at each epoch, but have indistinguishable colours, confirming that the RLQ's are drawn from only the most massive galaxies (10 11 − 10 12 M ⊙ even at z ≈ 2), while the RQQ's are slightly less massive (∼ 10 11 M ⊙ ). This is consistent with the well-known anti-correlation between radio-loudness and accretion rate. Using simple stellar population "frosting" models we estimate mean star formation rates of ∼ 350 M ⊙ yr −1 for the RLQ's and ∼ 100 M ⊙ yr −1 for the RQQ's at z ≈ 2. By z ≈ 1, these rates have fallen to ∼ 150 M ⊙ yr −1 for the RLQ's and ∼ 50 M ⊙ yr −1 for the RQQ's. We conclude that while the host galaxies are extremely massive, they remain actively star-forming at, or close to, the epoch of the quasar.
INTRODUCTION
Comprehensive studies of low redshift (z < 0.4) quasar host galaxies indicate that the most powerful nuclear activ-⋆ Based on observations with the NASA/ESA Hubble Space Telescope, obtained at the Space Telescope Science Institute, which is operated by the Association of Universities for Research in Astronomy, Inc. (AURA), under NASA contract NAS5-26555 † Email: david.floyd@monash.edu ‡ Monash Centre for Astrophysics § Scottish Universities Physics Alliance ity in present-day galaxies is usually associated with massive, bulge-dominated host galaxies (e.g. Disney et al. 1995; Bahcall et al. 1997; Hooper et al. 1997; McLeod et al. 1999; McLure et al. 1999; Ridgway et al. 2001; Hamilton et al. 2002; Dunlop et al. 2003; Floyd et al. 2004; Guyon et al. 2006; Canalizo et al. 2007; Bennert et al. 2008 ). This ties in well with the discovery of the black hole -bulge mass relationship in quiescent galaxies: the host galaxies are exactly the type of systems in which one would expect to find the very massive black holes that are required to power luminous quasars. However, this conclusion is based largely on their Table 1 . Summary of the WFPC2 observations: objects at z ≈ 1 and z ≈ 2 were observed using the F606W and F814W filters respectively (corresponding to approximately rest-frame U in each case). Each quasar is classified as either radio-loud (RLQ) or radioquiet (RQQ) -see Table 2 and section 2.1 of the text. A single white dwarf star was observed in each filter for PSF calibration. We show each target name used in the HST archive, together with its B1950 IAU name. J2000 co-ordinates were obtained from the Digitised Sky Survey plates maintained by the Space Telescope Science Institute. Redshifts are derived from NED. Note that the image of SGP5:46 was contaminated by diffraction spikes from a nearby bright star and had to be excluded from this study. Boyle et al. (1990) ; (b) Hewitt & Burbidge (1989) ; (c) Schneider et al. (2010) ; (d) Veron-Cetty & Veron (1993) ; (e) Croom et al. (2001) ; (f ) Dunlop et al. (1989) ; (g) Stickel & Kuhr (1993) .
luminosities and morphologies in single-band Hubble Space Telescope (HST) imaging (especially at the highest quasar luminosities- Floyd et al. 2004 ). The stellar populations and masses of quasar host galaxies remain poorly constrained, although ground-based K-band imaging (Taylor et al. 1996) and off-nuclear optical spectroscopy (Nolan et al. 2001 ) suggest the presence (albeit at low level) of an intermediate age stellar population in some. It is difficult to disentangle any young stellar population in the host galaxy from the glare of the active galactic nucleus (AGN), and much of our picture of quasar host galaxies is inferred from the properties of their inactive, giant red elliptical, counterparts. Meanwhile, lower luminosity AGN in the local Universe have clear evidence for younger stellar populations (e.g. Boroson & Oke 1982) . Seyfert galaxies are frequently found with circumnuclear starbursts (Heckman et al. 1997; Gu et al. 2001; González Delgado et al. 2001; Cid Fernandes et al. 2004; Davies et al. 2007; Riffel et al. 2009 ). The presence of intermediate age stellar populations has also been extensively shown in type 2 (obscured) and lower luminosity type 1 quasars (Kotilainen & Ward 1994; Rönnback et al. 1996; Brotherton et al. 1999; Kauffmann et al. 2003; Jahnke et al. 2004a,b; Sánchez et al. 2004; Vanden Berk et al. 2006; Jahnke et al. 2007; Jahnke et al. 2009 ). A decrease in mean stellar age with increasing AGN luminosity is suggested (e.g. Kauffmann et al. 2003; Vanden Berk et al. 2006 ), indicating that we may be missing young stellar populations in the most luminous nearby quasars, due to the glare of the nucleus.
At higher redshift we see greater levels of star formation, as expected. Mainieri et al. (2011) examined ∼ 1800 obscured (X-ray selected) quasars in the XMM-COSMOS survey, with bolometric luminosities > 8×10 45 erg s −1 . They confirm that all dwell in massive (> 10 10 M⊙) galaxies, with a monotonically increasing AGN fraction with stellar mass. They also find strong star formation in the majority, with the star forming fraction increasing strongly with redshift (62% star forming at z ∼ 1, 71% at z ∼ 2, 100% at z ∼ 3). Trichas et al. (2012) , however, show a decreasing fraction of measurable starburst contributions with increasing AGN luminosity. A key observable is the level of star formation present in quasar host galaxies when compared to inactive galaxies of the same mass at the same epoch. In this paper we aim to explore the level of star formation in our z ≈ 1 and z ≈ 2 quasar samples, originally imaged in the rest-frame optical using HST's Near Infrared Camera and Multi-Object Spectrometer (NICMOS -see Kukula et al. 2001 -hereafter K01) . That paper showed the quasars to be hosted by massive (∼ 10 11 − 10 12 M⊙) elliptical galaxies, with masses consistent with those found at lower redshift (McLure et al. 1999; Dunlop et al. 2003; Floyd et al. 2004 -hereafter M99; D03; F04 respectively) assuming passively evolving stellar populations. Here we present the follow-up rest-frame Uband imaging taken with WFPC2, explore the colours and morphologies of the host galaxies, and constrain their masses and young stellar populations. In particular, we explore their Table 2 . Optical and radio properties of the quasars in the current study. We show the target names used in the HST archive. Redshifts, V -band magnitudes, colour excesses E(B − V ) (Schlegel et al. 1998 ) are derived from NED. Absolute magnitudes are confined to the range −23.9 M V −25.1 (in restframe) to ensure that the quasars in each redshift bin are comparable with each other (as well as with the low-redshift quasars in our earlier studies, F04, D03, M99). RQQs have L 5GHz < 10 24.5 W Hz −1 sr −1 . RLQs have L 5GHz > 10 24.5 W Hz −1 sr −1 and steep radio spectra. For the estimation of luminosities at both radio and optical wavelengths we have assumed a quasar spectrum of the form Fν ∝ ν −0.5 . See section 2.1 for full details of sample selection.
Object
Type colours in comparison to the colours of massive galaxies at the same epoch. The layout of the remainder of the paper is as follows. The sample design and observations are discussed in section 2. We describe the data reduction and analysis in section 3. Our results are presented in section 4, and their implications discussed in section 5. Our main conclusions are summarised in section 6. We assume throughout a cosmology with Ωm = 0.3, Λ = 0.7 and H0 = 70 km s −1 Mpc −1 , and convert previous work to this standard where required.
OBSERVATIONS
Our observing strategy was designed to maximise the detection of host galaxy light, as in our previous HST studies of quasar host galaxies (M99; K01; D03; F04). The precautions described in those papers (and reiterated below) were even more critical to the success of the current observations since they target shorter wavelengths than our earlier studies. In the rest-frame UV, the quasar spectral energy distribution (SED) climbs steeply with respect to the host galaxy SED, increasing the nuclear-to-host ratio and making accurate separation of quasar and galaxy light more difficult. The observations were performed in HST Cycle 7 with WFPC2, as summarised in Table 1 . We adopted the Wide Field (WF) section of the detector. Despite the higher sampling afforded by the PC's smaller (0.
′′ 045) pixels, the 0. ′′ 1 pixels of the WF detectors offered the decisive advantage of better sensitivity to low surface brightness emission. The WF3 chip was selected for our programme because of its marginally better overall performance relative to the WF2 & WF4 chips during the twelve months prior to the observations.
Sample design
Our sample, described in detail by K01, originally consisted of 20 quasars divided into two subsamples in the redshift ranges 0.83 z 1.0 and 1.67 z 2.01 (referred to hereafter as the "z ≈ 1" and "z ≈ 2" samples respectively). Each subsample contained five radio-loud and five radioquiet objects, and each was matched in terms of its optical luminosity-redshift distribution. The sample was defined to fall in the luminosity range −24 MV −25, allowing them to be compared directly to each other and to the quasars in our lower-redshift samples (M99; D03; F04). However, the results presented by K01 were at odds with this criterion, with one z ∼ 2 quasar shining close to MV = −27, and the z ≈ 2 RQQ's being significantly lower in total optical luminosity than their RLQ counterparts. This appears to be partly due to errors in the (highly heterogeneous) photometric measurements used to define the sample (which predated SDSS and 2QZ), as well as uncertain K-corrections from observed to rest-frame V at significant redshifts.
The RQQs were derived from the Boyle et al. (1990) UVX survey ("SGP" objects) or Marshall et al. (1984) survey ("BVF" objects), and confirmed as radio quiet (L5GHz < 10 24.5 W Hz −1 sr −1 ) by the Very Large Array (VLA) FIRST 1 and NVSS 2 surveys. RLQs were selected from the Véron-Cetty & Véron (1993) quasar catalogue, with reported 5-GHz radio luminosities L5GHz > 10 25.5 W Hz −1 sr −1 and steep radio spectra to ensure that their intrinsic radio luminosities are not boosted by relativistic beaming. The NICMOS observations of two quasars in the original K01 sample (the RQQ "SGP2:47" at z = 0.830 and the RLQ "1148+56W1" at z = 1.782) were affected by technical problems, and so these were not re-observed with WFPC2. We also note that the WFPC2 image of SGP5:46 was contaminated by diffraction spikes from a nearby bright star and had to be excluded from the present study.
Present Sample
The current sample therefore consists of eight objects at z ≈ 1 and nine at z ≈ 2, for which the radio and optical properties are listed in Table 2 . The updated redshift versus rest-frame optical luminosity distribution for our sample is shown on the left of Fig. 1 , using the HST rest-frame V photometry presented in K01. The QSO's span the knee of the quasar luminosity function at each redshift (Croom et al. 2004) , and the radio quiet subsamples are still reasonably well matched to the optical luminosities of our z ≈ 0.2 and 0.4 samples (M99, D03, F04). The shrinking of, and biases inherent within, our sample affect our original aim of exploring the differences between the RLQ and RQQ populations. Objects in the present WFPC2 study at z ≈ 1 & 2 are shown using large symbols, compared to our lower redshift objects (F04, D03, M99). Our sample spans the knee of the quasar luminosity function at each redshift: the dotted line indicates M ⋆ V for the 2QZ quasar luminosity function at each redshift (Croom et al. 2004 ). See section 2.1 for notes on the sample selection. Right: Illustration showing generic spectra for a quasar nucleus (upper panel) and an early-type galaxy (lower panel), with our approximate rest-frame bandpasses marked. We have tailored our filter selection to target the rest-frame U and V -band, thus sampling the SED of the host on either side of the break feature at 4000Å. While the Mg II quasar emission line is admitted, we avoid prominent galaxy emission lines (section 2.2).
We focus instead on providing a benchmark colour for all quasar host galaxies at these redshifts. We note that the conclusion drawn by K01 that RQQ hosts are less luminous than RLQ hosts, is potentially biased at z ≈ 2 by the a posteori luminosity distribution of the quasars themselves (see Fig. 1 ). This is discussed further in sections 4.4 and 5.5.
Choice of filters
We chose filters that maximise sensitivity to the underlying starlight in the wavelength range of interest, while avoiding strong galaxy emission lines that might positively bias our measurement of the host galaxy luminosity. Our NICMOS observations sampled the rest-frame V -band continuum at each redshift, avoiding the strong emission lines [Oiii]λ5007 and Hα using the F110M (≈ J) filter at z ≈ 1 and F165M (≈ H) at z ≈ 2. With WFPC2 we targetted the objects' rest-frame near-ultraviolet (UV) continuum, in the region ≈ 2300 − 3400Å, corresponding closely to U band. We use WFPC2 F300W as our reference rest-frame U band throughout this work.
For the z ≈ 1 sample we have used the F606W (Wide-V ) filter, and for z ≈ 2 the F814W (Wide I) filter in order to maximise throughput. We have avoided strong galaxy emission lines such as [O ii]λ3727. The absence of strong galaxy emission lines in the observed bandpass is important as they can render the images sensitive to any large scale regions of emission-line gas which might be present. These are directly associated with the nuclear activity and can mask or confuse our picture of the underlying starlight. However, the quasar broad emission line Mg iiλ 2796 is included by using such wide filters (see Fig. 1, right panel) . The equivalent width of Mg ii in the SDSS composite quasar spectrum (Vanden Berk et al. 2001 ) is ≈ 32Å, and will contribute a slight (up to 0.03 mag) positive bias to our nuclear luminosities. However, since Mg ii arises very close to the nucleus and such high ionization lines are only found in absorption in galaxies, our host galaxy luminosities are unaffected.
Extinction and K-corrections
For the estimation of luminosities at both radio and optical wavelengths throughout this work, we have assumed a quasar spectrum of the form Fν ∼ ν −0.5 . K-corrections are applied to convert to rest-frame magnitudes (see section 4.4), where we revisit this assumption. We have converted the original counts from the quasar images of K01 to AB mags for comparison in this paper. For galactic extinction corrections we use colour excess values from the map of Schlegel et al. (1998) and a diffuse interstellar dust model (RV = 3.1). All magnitudes are AB (so that a flat energy distribution in Fν corresponds to zero colour).
Saturation and integration times
Integration times were calculated to allow the WFPC2 images to reach a similar depth, and to detect the host galaxies out to a similar radius, as in the previous NICMOS observations. To do this we made the null hypothesis that the host galaxies are passively evolving. Any star formation would thus serve to boost the galaxies' luminosities, making them easier to detect. We therefore observed each of the z ≈ 1 quasars for two orbits through the F606W filter, and each of the z ≈ 2 quasars for four orbits through the F814W filter. Each HST orbit was sufficient to include three long exposures (600 or 700 s), plus several snapshots. The latter provided a good characterisation of the bright nuclear point source in the event that this region of the image was saturated in the longer integrations. This resulted in a total on-source integration time of 3600 s for the z ≈ 1 objects, and 7800 s for those at z ≈ 2 (see Table 1 ).
Point Spread Function
Experience from our previous WFPC2 & NICMOS imaging studies of quasar host galaxies (M99; K01; D03, F04) has demonstrated that it is essential to obtain a deep, highdynamic range stellar Point Spread Function (PSF) through each filter in order to accurately characterise the critical outer regions of the quasar. Synthetic TINYTIM 3 PSFs, whilst an excellent match to the inner ≈ 1 arcsec, fail to adequately reproduce the complex and variable outer structure of the PSF wings. Archive PSFs are rarely precisely centred on the same region of the detector as the target quasars (thus changing the structure of the outer region of the PSF), and do not always have the requisite dynamic range. In any case the form of the WFPC2 PSF changes systematically with time and so measurements made as close to the epoch of the observations as possible are highly desirable. For this study we therefore adopted the same strategy as used in our previous HST programs. An entire orbit was devoted to obtaining high-dynamic range stellar PSFs through each of our two chosen filters. The star selected (GRW+70D5824) is a white dwarf, with a flat spectral shape over the wavelengths of interest which is very similar to that of a typical quasar, thus ensuring the best possible match to the nuclear PSF of each target source. Into the centre of this deep, empirical stellar PSF we splice a TINYTIM realisation of the theoretical PSF at the location of the centre of the quasar on the detector. The quality of fit is strongly dependent on the focus term in the TINYTIM model, which affects the amount of light in the central peak. Focus changes significantly during an orbit due to thermal "breathing" of the telescope structure 4 . We tested each observation with a range of focus values by performing a χ 2 minimisation on a fit of the PSF to the central region of each quasar (best fits acceptable at 3σ level). In each case the adopted PSF had a focus close to the value determined for the telescope at the time of observation.
DATA REDUCTION AND ANALYSIS

Data reduction
Data reduction was carried out using the HST/WFPC2 pipeline and standard procedures in iraf. An additional step was required for the images of the PSF star and those quasars for which the nucleus had saturated in the longer exposures (specifically, all nine quasars in the sample at z ≈ 1 plus SGP2:25 from the z ≈ 2 sample). The saturated regions of these images were replaced by the corresponding regions (suitably scaled) from the unsaturated snapshot image of the same object.
Two-dimensional modelling
In order to separate the galaxy and nuclear components of the quasar image we used the 2-D modelling software developed for our previous host-galaxy studies (see M99; F04 for details) and tested and described in detail by McLure et al. (2005); Floyd et al. (2008) . The code uses downhill simplex χ 2 minimization to match a synthetic galaxy plus central point source to the HST image, with nuclear luminosity and galaxy effective radius (Re), surface brightness (µe), axial ratio (a/b) and position angle (θ) as free parameters. The model galaxy's surface brightness profile can be set to either an exponentially decaying disc, or an r 1/4 de Vaucouleurs law characteristic of an elliptical galaxy. The model is convolved with an appropriate PSF, described in section 2.5 above.
Accurate characterisation of the uncertainties in the data is critical when fitting across such high dynamic range. The transition from PSF sampling error (see F04 for details of sampling error treatment) to Poissonian error is determined by finding the radius at which the sampling error drops to 1.5 times the mean background Poisson noise. The noise on the central pixel was fixed by the Poisson statistic for that pixel.
We fit the host galaxy in each image with both an elliptical galaxy (r 1/4 -law profile) and an exponential disc galaxy model. The difference in the χ 2 values of the two fits is used to classify the host as disc or bulge-dominated. Sérsic, and bulge-disc decomposition models are not fitted (c.f. F04) as we are unable to constrain the additional parameters. Each fit is performed out to ≈ 3 ′′ for the z ≈ 1 objects and ≈ 2 ′′ at z ≈ 2 (determined from the radial profiles). As discussed further in section 4, we find that an Elliptical host galaxy morphology provides the best fit in all cases. Note that we adopt the circularly-averaged effective radius, Re (that is the mean radius of the half-light elliptical isophote) throughout this work. We convert K01's half-light semi-major axis lengths to this standard. This ensures that the size measurement is not positively biased by high eccentricities.
Fixed Re models
In addition to the conventional modelling, we also fitted each object using a series of fixed-radius models (at Re = 2, 5 and 10 kpc). This technique was adopted by K01 for many of their z ≈ 2 objects, since they were unable to recover reliable measures of the Re at this redshift. We chose to apply the technique to all the objects in the sample in order to determine the stability of the host-galaxy luminosities recovered by the modelling, and in order to compare hostgalaxy models of identical radii at different wavelengths.
RESULTS
The best fit galaxy and nuclear parameters derived from the 2D modelling procedure are listed in tables 3 (for the z ≈ 1 sample) and 4 (for the z ≈ 2 sample). We have successfully recovered stable (±0.3 mag) host-galaxy fluxes for all seventeen quasars studied. The stability of the host and nuclear fluxes are shown by the χ 2 contours in Fig. 2 . Host-galaxy V −J (z ≈ 1) and I −H (z ≈ 2) colour data derived from the WFPC2 (this paper) and NICMOS (K01) images are presented in tables 5 and 6 respectively. The WFPC2 images of the quasars, their best-fit models, modelling residuals and radial profiles are presented along with brief notes on each Table 3 . Best fit models for the quasars at z ≈ 1 (all Elliptical). Columns are as follows: object name; reduced-χ 2 value for the best fit model; ∆χ 2 between the elliptical and disk-morphology model; number of degrees of freedom in fit, ν; effective radius, Re, of best fitting galaxy model in kpc; surface brightness of the host at the effective radius, µe, in units of V AB mag.arcsec −2 ; integrated apparent magnitudes of the nucleus and the host galaxy in V AB -band; the ratio of integrated nuclear and host galaxy luminosities; position angle of the host (in degrees East of North); the axial ratio of the host. All fluxes are presented as apparent AB magnitudes, uncorrected for galactic extinction. Table 4 . Best fit models for the quasars at z ≈ 2 (all Elliptical). Columns are as follows: object name; reduced-χ 2 value for the best fit model; ∆χ 2 between the elliptical and disk-morphology model; number of degrees of freedom in fit, ν; effective radius, Re, of best fitting galaxy model in kpc; surface brightness of the host at the effective radius, µe, in units of I AB mag.arcsec −2 ; integrated apparent magnitudes of the nucleus and the host galaxy in I AB -band; the ratio of integrated nuclear and host-galaxy luminosities; position angle of the host (in degrees East of North); the axial ratio of the host. All fluxes are presented as apparent AB magnitudes, uncorrected for galactic extinction. The fits to the z ≈ 1 objects are formally acceptable at the 4σ level. In general, the z ≈ 2 objects have best fit models that are not formally acceptable, and the resulting parameter estimates are therefore uncertain. However, we find that the host-galaxy luminosity is very stable to changes in the fitted parameters. This can be seen both from the χ 2 contours (Fig. 2) , and from the results of the fixed Re fits (tables B1 & B2).
Host-galaxy morphologies
As mentioned above, in all cases a bulge-dominated host galaxy provides a marginally better fit (up to 3σ) to the data than a disc-dominated host (see tables 3 and 4). We note that all of the z ≈ 1 objects were robustly determined to be elliptical in the optical by K01. For this reason, as well as our marginal morphological preference, we show the bestfit elliptical galaxy model in each case. We note, however, that the smooth r 1/4 -law profile does not form as good a fit to the data as in our previous studies (M99; K01; D03; F04). All the images exhibit significant "bumps" in their radial profiles within 2 ′′ of the nucleus (see Figs. A1-A17). These bumps are directly traceable to numerous features in the images which may be nearby companions, mergers, or knots of star formation within the host galaxies themselves. We have masked these features out from the fit in order to model just the underlying host-galaxy light distribution. Aside from these caveats, in all cases the best-fit disc and bulge models do give consistent (within 3σ) values for the total flux from the host galaxy, giving confidence that this parameter has been determined robustly.
Fixed Re fits
The results of the fixed Re modelling are presented in Tables B1 and B2, along with the best-fit models obtained by K01 for reference. Note that K01 presented semi-major axis scale lengths, whereas we use effective radii, Re (mean ra- Table 5 . z ≈ 1 host-galaxy and nuclear V − J colour, in AB magnitudes, after correction for galactic extinction.
dius of the half-light elliptical isophote -see section 3.2).
We note that several of K01's host-galaxy scale lengths appeared artificially large due to their high eccentricity. We have converted scale lengths to Re in the tables.
Generally the UV and optical morphologies of the z ≈ 1 host galaxies are indistinguishable (best fit morphology, Re, axial ratio and position angle). However BVF247, 3C 422 and MC2112 exhibit compact UV host galaxies compared to the optical (and noticeable circumnuclear residuals). At z ≈ 2 the UV host galaxy detections are quite compact compared to the optical. In each case, adjusting Re over a reasonable range makes little or no difference to the luminosity of the best-fit host galaxy. Furthermore, adopting the fixedRe model that best matches each NICMOS (K01) model in place of our own preferred model results in no significant changes to the results. All of the following conclusions are thus robust to the uncertainty in the true size of the host galaxy.
Observed fluxes and colours
The observed optical-IR fluxes and colours for the quasar nuclei and host galaxies, after correction for galactic extinction, are shown in tables 5 and 6. NIR fluxes are from the models of K01 (converted to AB), while optical fluxes come from our modelling results above. The mean extinction-corrected apparent host-galaxy colours for the quasar sample are (with associated standard errors):
For the nuclei they are:
K-corrections and intrinsic luminosities
The observational bandpasses were chosen to coincide closely with rest-frame U and V for our WFPC2 and NIC-MOS observations, respectively. We calculate the U and V band luminosities by K-correcting the observed fluxes into Table 6 . z ≈ 2 host-galaxy and nuclear I − H colour, in AB magnitudes, after correction for galactic extinction. these emitted bands (see Hogg et al. 2002 ) using the bandpass curves for each filter. For both the host galaxies and the QSO's themselves we assume power-law SED's, Fν ∝ ν −α , or equivalently F λ ∝ λ β , where β = α−2. For the host galaxies we adopt a power law, β host = −0.39, appropriate for a distant red galaxy (van Dokkum et al. 2006) . For the QSO's we have assumed βQSO = −1.5 (α = 0.5) as defined earlier (section 2.3), and consistent with our average measured nuclear colours. although it is clear that there is actually a large range of variation from object to object, with a recent study providing a range α = 0.55 ± 0.42 (Kennefick & Bursick 2008) . Since our observed bandpasses coincide closely with the reference emitted bands, the exact slope of the SED for each quasar does not strongly affect our luminosity calculation, it just affects the distribution of flux across the filter bandpass. In fact, varying the index over a very wide range of realistic values (−1 < β host < 1; −2 < βQSO < −1) yields only ±0.05 mag. uncertainty on the host-galaxy luminosity and ±0.03 mag. uncertainty in the quasar nuclear luminosity.
The absolute U and V band magnitudes for the quasar host galaxies and nuclei are presented in Table 7 . As in K01, we find that the hosts of radio-loud quasars are more luminous than those of the radio-quiet quasars, and strongly so at z ≈ 2 (see section 5.4). However, at z ≈ 2 this is likely to be due to the optical luminosity biases in the RLQ (optically brighter) and RQQ (dimmer) subsamples. As discussed in section 2.1, the sample was originally designed to match the optical luminosity and redshift distributions of the RL and RQ subsamples, but was based on old and heterogeneous photometric measurements, with large K-corrections from observed to rest-frame V . The results of K01 (their Fig. 6 and our Fig. 1) show that the subsamples are not matched in luminosity. This is further discussed in section 5.5.
The host galaxies' average rest-frame U − V colours (with associated standard error of the mean) are as follows:
In spite of the optical and radio luminosity differences between the RL and RQ samples, the colours of their host galaxies are indistinguishable in the present data. Table 7 . Absolute magnitudes and rest-frame U − V colours for the quasar host galaxies and nuclei at z ≈ 1 and 2. U magnitudes are F300W and V are Subaru V (all AB, corrected for galactic extinction). 
DISCUSSION
Are we detecting host-galaxy light?
Our observations were designed to detect the UV light from even a mature stellar population, and it is clear directly from the images themselves (see Figs. A1 -A17) that in general we have an excess of extended UV flux (compared to the PSF). However, in three cases at z ≈ 1, and every case at z ≈ 2, the rest-frame U -band host-galaxy effective radius is significantly smaller than the rest-frame V -band equivalent reported by K01 (see tables B1 & B2). Are we truly detecting the host-galaxy light, or are we being biased by the strength of the AGN, or perhaps by reflected AGN emission? We find that the host-galaxy and nuclear luminosities are quite stable to changes in the effective radius of the host galaxy. The fixed Re models (tables B1 & B2) show a significant increase in χ 2 as we move away from the preferred radius to larger or smaller values, while the host-galaxy luminosity remains stable. However, the stability of the host and nuclear luminosities is demonstrated most clearly by the χ 2 contours in mHost − mNuc, (Fig. 2) . These show that the host-galaxy flux is constrained to within ±0.1 to ±0.3 mag. The nuclear luminosity is generally somewhat better constrained (±0.1 to ±0.2 mag). We also note that the host galaxies generally have similar axial ratios and position angles in each band (tables B1 & B2).
In almost all cases, the nuclear U − V colours are close to those expected for a typical QSO SED. Only 4C45.51, PKS2204 and PKS0938 (all radio-loud) strongly deviate from the expected flat nuclear colour. We ran PSF-only fits to all the objects, and found a significantly higher χ 2 for the best PSF-only fits in every case. Finally we note that while our host galaxies are compact, they are still well resolved, and have comparable sizes to the massive (> 10 11 M⊙) galaxies at 1 < z < 3 in CANDELS (Bruce et al. 2012 ). This is discussed further in section 5. 4 .
We are therefore confident that we are constraining the total host-galaxy luminosity in all cases. However, our Re and µe constraints are sometimes weak, and the R 1/4 -law model is only marginally preferred over an exponential disk at z ≈ 2. There is clearly UV-bright substructure in the host galaxies that diminishes the quality of a smooth model profile fit to the data.
Residual features
We note the significant residual features in MC2112+172 (Fig. A7 ), B2 2156+129 (Fig. A15) , and PKS2204−20 (Fig. A16) . The former two are objects with compact U band hosts compared to their V band hosts (PKS2204−20 had a poorly constrained host-galaxy size in K01). These residuals are not consistent with PSF features, being more extended than the Airy ring and off-centre with respect to the nucleus. Our pixel scale corresponds to ≈ 800 pc at the distance of our sources, and the feature seen in MC2112+172 is up to ≈ 10 kpc across. This may represent an asymmetric disk component in the host galaxy or a foreground or merging companion. B2 2156+129 shows a compact clump of excess flux slightly off-centre (to the northwest), up to ≈ 4 kpc across. PKS2204−20 shows a slight "bridge" of material across the nucleus, linking up with the companion to the northwest. 4C45 .51 shows a very compact slightly offcentre (to the north) feature that is ≈ 2 kpc across, although this may be PSF residual. These features explain the unusual contours for these objects' fits ( Fig. 2) : the relatively poor Figure 3 . Host-galaxy observed colour with redshift for the RQQs (filled circles) and RLQs (open circles) compared to COSMOS galaxies (density plot) and SSP models (lines). Magnitudes are all extinction-corrected AB in the COSMOS filters. Left: V − J host colours for the quasars at z ≈ 1. Right: I − H host colours for the quasars at z ≈ 2. SSP colour evolution curves are shown for a Bruzual & Charlot (2003) passively evolving population (red line), plus "frosting" models with from 0.01% (orange) up to a maximum (purple) of 5.12% of the galaxy mass in ongoing star formation (in octaves). All SSP models assume a redshift of formation z f = 5, solar metallicity and Chabrier (2003) IMF -see section 5.3. All COSMOS galaxies with acceptable best-fit photometric redshifts out to z = 5 are shown. Quasar host galaxies are bluer than passive and have similar colours to the full range of COSMOS galaxies at similar redshifts. Magnitudes are all AB in the COSMOS filters. Left: V − J host colours for the quasars at z ≈ 1. Right: I − H host colours for the quasars at z ≈ 2. Quasar host galaxies are bluer than expected for galaxies of the same redshift and luminosity -all fall below the median COSMOS colour (two borderline at z ≈ 2).
constraint on the nuclear flux is due to confusion between the nucleus and the contaminant. Although these are the most spectacular examples, all of our images show some excess flux above the smooth model, and the majority (all at z ≈ 2 and three at z ≈ 1) show a clear non-PSF, centrally concentrated component.
Host-galaxy luminosity and colour
We now compare our quasar host-galaxy colours and luminosities with the colours and luminosities of typical galaxies at the same redshifts (Figs. 3 and 4) . We adopt the data of the COSMOS galaxy survey, since it is sufficiently deep and wide to provide a statistical sample of galaxies at the same redshifts as our quasars. We use the COSMOS galaxy catalogue (Capak et al. 2007; Ilbert et al. 2009 ) for redshifts, V , J and I band data, and the COSMOS H-band catalogue (P. Capak, private communication; Bielby et al. 2012) to compare observed colours with our host-galaxy sample.
We adopted the best fit photometric redshift, but removed all objects for which the 1-σ relative uncertainty in the redshift was greater than 10%, or for which the quality of the redshift fit was poor (χ 2 /ν > 2). We have converted our luminosities and fluxes to the equivalent COSMOS bandpasses for ease of comparison. Fig. 3 shows the observed galaxy colour against redshift for all such COSMOS galaxies out to z = 5 (density plot), and for our quasar host galaxies (circles). We also show the colour evolution of several synthetic simple stellar population (SSP) models computed using the stellar spectral synthesis models of Bruzual & Charlot (2003) . We show an instantaneous burst of star formation at a redshift z f = 5, with solar metallicity and the initial mass function (IMF) of Chabrier (2003) that includes low mass / sub-stellar objects yielding more accurate mass-to-light ratio determinations. The red line in each case shows the evolution of a passively evolving stellar population. "Frosting" models, based on the same underlying old stellar population are shown Figure 5 . Mean rest-frame U −V colour, and V band luminosity, versus redshift, for the quasar host galaxies of RQQ's (filled circles) and RLQ's (open circles) at z ≈ 1 and z ≈ 2. Sample means (by type and by redshift bin) are shown with standard errors. All magnitudes are AB, V-band is the COSMOS V-band and U-band is F300W. Luminosity and colour evolution curves are shown for a Bruzual & Charlot (2003) passively evolving SSP (red line), plus "frosting" models with 0.01 (orange), 0.02, 0.04, 0.08, 0.16, 0.32, 0.64, 1.28, 2.56 and 5.12% (purple) of the galaxy mass in ongoing star formation. Luminosities are shown for stellar masses of 10 11 (solid lines) and 10 12 M ⊙ (dotted lines). All SSP models assume a redshift of formation z f = 5, solar metallicity and Chabrier (2003) IMF. Quasar host-galaxy colours are consistent with ∼ 0.1% star formation at z ≈ 1 and ∼ 1% at z ≈ 2. The colours of the RLQ and RQQ host galaxies are indistinguishable at each epoch, in spite of the large mass differences present in the sample.
in colour, with 0.01, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64, 1.28, 2.56 and 5.12% of the galaxy mass undergoing star formation. The young stellar population is modelled with a single burst of 0.01 Gyr age, and our estimates of the active star forming fractions are therefore lower limits (see section 5.4).
In Fig. 4 , we plot the observed galaxy colour against luminosity. Here, comparison samples of COSMOS galaxies are selected to be within 3σ of the mean redshift of our samples; that is 0.780 < z < 1.058 at z ≈ 1 and 1.505 < z < 2.196 at z ≈ 2. This cut is in addition to the quality cut described above. The COSMOS data illustrate the well known correlation between galaxy luminosity and colour. A blue cloud and red sequence are clearly apparent at z ≈ 1. A hint of the red sequence is still visible at z ≈ 2, although at this redshift the most massive galaxies are no longer purely red. We also plot the best linear fit to the COSMOS colourluminosity data (dotted lines) and the mean colour in 11 equal sized luminosity bins (dashed line).
The quasar host galaxies are extremely bright, sampling the upper end of the galaxy luminosity function (∼ 1−4L ⋆ ). The majority of such luminous COSMOS galaxies are found to be red at z ≈ 1. At z ≈ 2 there is a less clear-cut colourmagnitude division due to low numbers. However, all of our quasar host galaxies are bluer than the median galaxy colour for COSMOS galaxies of the same luminosity and redshift (Fig. 4 -dashed line) . The probability of all 17 quasar host galaxies being bluer than the median, if they are drawn at random from the galaxy distribution at similar redshift and luminosity, is 0.0008%. Allowing for the two objects that have error bars that admit redder-than-median colours, the probability (15/17) is 0.12%. This result is robust to changes in the host-galaxy scale length, and to matching Re to the best fit models in K01. We therefore conclude that the host galaxies of quasars are not drawn at random from the massive galaxy population, but are systematically bluer than the average galaxy of the same mass and redshift.
Host-galaxy luminosities, masses and
star-forming fractions Fig. 5 shows the host-galaxy rest-frame U − V colours and V band luminosities. For comparison we show the evolving luminosities and colours of the same set of SSP models as discussed in the previous section. Luminosity evolution is shown for stellar masses of 10 11 (solid lines) and 10 12 M⊙ (dotted lines). From their colours, the quasar host galaxies at z ≈ 2 are 0.5 − 5% star-forming by mass. By z ≈ 1 this has fallen to 0.05 − 0.5%.
The resulting host-galaxy masses are somewhat lower than would be estimated from the simple passive curves (e.g. K01), since there is significant contribution to the optical luminosity from the young stellar population. This is seen most clearly in Fig. 5 . The blue colour of the host galaxies implies a shallower slope to the luminosity evolution, and thus a significantly lower mass than would be inferred assuming a purely passive model. Note that the mass difference is more extreme than one might naively imagine for the few percent "frosting" fractions, since the young stellar population contributes strongly to the optical luminosity relative to its low mass. Host-galaxy stellar mass ranges at z ≈ 2 are:
• 1 × 10 11 − 1.3 × 10 12 M⊙ for the RLQ's.
• 3 × 10 10 − 3 × 10 11 M⊙ for the RQQ's.
By z ≈ 1 this has increased to:
• 4 × 10 11 − 1.3 × 10 12 M⊙ for the RLQ's.
• 2 × 10 11 − 6 × 10 11 M⊙ for the RQQ's.
There is roughly an order of magnitude scatter in the estimated mass of each subsample thanks to the range of colours seen. This spread in mass dominates over the expected ∼ 0.3−0.6 dex systematic error in the mass estimates from our SSP modelling (Gallazzi & Bell 2009; Conroy et al. 2009 ). The masses are shown against effective radius in Fig. 6 , together with the massive 1 < z < 3 CANDELS galaxies from Bruce et al. (2012). As we remarked in sec-tion 5.1 above, our host-galaxy models are quite consistent with this sample of massive galaxies at similar redshifts. Our z ≈ 1 host galaxy effective radii are, on average, a factor of 2 larger than those for the lower luminosity AGN of Sánchez et al. (2004) in the same redshift range, but with significant overlap in the populations.
We have modelled the young component with a 0.01Gyr old stellar population, and our colours and luminosities suggest star formation rates ∼ 350 M⊙ yr −1 for the RLQ's and ∼ 100 M⊙ yr −1 for the RQQ's at z ≈ 2. By z ≈ 1, these rates have fallen to ∼ 150 M⊙ yr −1 for the RLQ's and ∼ 50 M⊙ yr −1 for the RQQ's. The Kennicutt Jr. (1998) relation for the UV luminosity of star formation gives similar estimates. Modelling the young component with a range of ages (0.001-0.1 Gyr) gave consistent results for the starformation rate.
The mean mass of the RLQ's grows ∼ 10% between z ≈ 1 and z ≈ 2. However, the upper limit on the masses of the RLQ host galaxies remains reassuringly unchanged at each redshift, as this is already 10 12 M⊙ at z ≈ 2. This gives the illusion that these objects are passively evolving, although it is clear from their colours at each epoch that this is not the case. It is simply that at each epoch, the RLQ's exist in the most massive galaxies, and these have already assembled as much stellar mass as the most massive galaxies known by z ≈ 2. There is, however, an increase in the host-galaxy masses of the RQQ's observed between z ≈ 2 and z ≈ 1. An apparent mass difference between the RLQ and RQQ host galaxies remains at each redshift, while the star-forming fractions appear indistinguishable (but see section 5.5, below). At both epochs, there is plenty of time for the host galaxies to evolve onto the red sequence by the present day, but to avoid the production of extremely massive galaxies in the present day Universe, it is clear that the star-formation seen in these objects is not sustainable.
Radio-Loudness and Accretion Rate
As mentioned earlier (sections 2. 1.1, 4.4) , the RLQ and RQQ samples were initially selected to have identical observed optical luminosities. However, the results of K01 showed the actual rest-frame optical luminosities to be lower for the RQQ's at z ≈ 2, and the host galaxy luminosities to be significantly lower at both redshifts. This is consistent with the well-known anti-correlation between radio-loudness and accretion rate, seen in lower luminosity AGN (see Xu et al. 1999; Ho 2002; Panessa et al. 2007; Sikora et al. 2007 ). Our results demonstrate that this anti-correlation holds even for the most optically luminous RLQs and RQQs. RLQs (shining at lower Eddington ratios) will have higher black hole masses for a given optical-UV luminosity than their RQQ cousins (which have higher Eddington ratios). Through the well-known scaling relations between black-hole and galaxy bulge mass, we will therefore also observe a higher mass population of host galaxies for the RLQs.
Given this difference in accretion rate between radioloud and radio-quiet quasars, the similarity in the colours of their host galaxies (and hence in their specific star formation rates) is perhaps all the more remarkable. While the present data are insufficient to draw strong conclusions, we note that this is consistent with optical quasar activity being associated a particular phase in the evolution of massive Figure 6 . Mean galaxy size versus mean stellar mass for our hostgalaxy samples (large circles for z ≈ 1; triangles for z ≈ 2; open for RLQ; closed for RQQ), compared to the M⋆ > 10 11 M ⊙ , 1 < z < 3 CANDELS galaxies of Bruce et al. (2012) . Uncertainties shown are standard errors on the mean. While compact, our hostgalaxy detections are quite consistent with the typical sizes of massive galaxies at the same redshift.
galaxies, for example shortly after a starburst, or shortly after truncation of ongoing star formation.
Interpretation and future observations
Quasar host galaxies at z = 1 − 2 appear to be exceptional, both in mass (as at lower redshift) and in their colour for their mass (which has been a contentious matter for the past decade at lower redshifts). Our results therefore fit in well with a growing consensus that quasar and AGN activity is strongly associated with ongoing star formation, although it is too early to establish cause and effect.
Studies of the host galaxies of lower luminosity AGN and quasars at low redshift (z ≈ 0.2 - Jahnke et al. 2004a ), intermediate redshift (0.5 < z < 1.1 - Sánchez et al. 2004 ) and high redshift (1.8 < z < 2. 75 -Jahnke et al. 2004b ) present a consistent picture, which this study confirms and extends to higher AGN luminosity. All of the above studies find a mix of morphological types for the host galaxies (as expected at lower AGN luminosities). However, where the host galaxies are found to be elliptical, their colours are consistently found to be bluer-than-average for inactive elliptical galaxies.
Our results are consistent with those of Mainieri et al. (2011) who showed that the star forming fraction in powerful X-ray selected quasars (L bol > 8×10 45 erg s −1 ) increases strongly with redshift, with 62% star forming at z ∼ 1, 71% at z ∼ 2, 100% at z ∼ 3. However, the quasars in this study would appear to be more strongly star forming than those at lower redshift, where such activity has been detected. By stacking radio images of COSMOS X-ray selected AGN at z < 1, Pierce et al. (2011) showed that the sources detected at 24µm also have radio emission, and are consistent with star formation rates of up to 40 M⊙ yr −1 . Evidence of star formation in quasars is also given by the recent detection of large amounts (∼ 10 10 M⊙) of cold molecular gas in the majority of IR-ultraluminous QSO's, and the strong correlation of CO luminosity with FIR luminosity for all QSO's, IRQSO's and ULIRG's (Xia et al. 2012 ).
We support the findings of Shi et al. (2009) who propose that type 1 quasars reside in a distinct population of galaxies that exhibits elliptical morphology but harbours a significant fraction of intermediate-age stars and is experiencing intense circumnuclear star formation. Cen (2012) propose a model for coevolution of galaxies and supermassive black holes whereby a central starburst precedes the quasar phase, which is fuelled by remnants of the starburst. A major prediction is that luminous quasar host galaxies are a special population of early-type galaxies located in the green valley of the galaxy colour-magnitude diagram. Our data are broadly consistent with this model, although our data suggest a rather bluer colour for the host galaxies than would be expected if they lie exclusively in the green valley We certainly cannot reject it due to possible sources of UV luminosity bias (UV-bright clumps in the host galaxy, and a possible contribution from scattered AGN light). The star-formation levels detected here, as a fraction of galaxy mass, are an order of magnitude greater than those detected by Nolan et al. (2001) in z ≈ 0.2 quasar host galaxies (after correcting for their use of a 0.1 Gyr old young stellar population). It will be interesting to revisit the low redshift samples in the UV to pick out the locations of the young stellar populations and compare them to the tidal features observed in the deep imaging of Bennert et al. (2008) . Finally, our estimated star-formation rates are consistent with those found by Page et al. (2012) , although our z ≈ 2 RLQ's would appear to be slightly more strongly star forming than their upper limits (∼ 350 M⊙ as opposed to < 300 M⊙. Page et al. (2012) and Trichas et al. (2012) posit the lack of the very highest star-formation rates in quasar host galaxies as evidence for AGN feedback. Our similar range of star formation rates, and the similarity in colour of the RLQ and RQQ host galaxies support this picture. It remains possible that the star formation triggers the quasar activity, but in that case we might expect to see even stronger starformation in the host galaxies.
CONCLUSIONS
The main result of this study is that UV-luminous host galaxies are present in our entire sample of radio-loud and radio-quiet quasars at z ≈ 1 and z ≈ 2. Our fitted hostgalaxy luminosities are stable to within ±0.3 mag. and our conclusions are robust to changes in the preferred UV hostgalaxy size. They occupy elliptical galaxies in the upper regions of the optical luminosity function (1 − 4L⋆), but have bluer than median colours for galaxies of the same redshift and luminosity. They are strongly star forming at z ≈ 2 (∼ 1% by mass), with weaker (∼ 0.1%) star-formation in somewhat more massive galaxies by z ≈ 1. The RLQ's and RQQ's are indistinguishable in terms of colour, but the RLQ's are more massive at each epoch, indicative of their lower accretion rates (see section 5.5). The most massive RLQ's have stellar masses of ∼ 10 12 M⊙, even at z ≈ 2. The probability of obtaining galaxies as UV-bright as these quasar hosts from a sample of quiescent galaxies of the same optical luminosity and redshift is low (< 0.12%), and we reject the hypothesis that quasar host galaxies are drawn at random from the massive galaxy population. We conclude that while the host galaxies are extremely massive, they remain actively star-forming (or very recently so) at the epoch of the quasar. The relationship between AGN activity and star-formation remains unknown, but it seems clear that optically luminous AGN activity is associated with recent or ongoing star-formation in massive galaxies, whereas radio AGN activity is associated purely with the most massive galaxies.
The host galaxies are more compact than low-redshift analogues, but are consistent with massive quiescent galaxies at same epoch. There is clear evidence for clumpiness in the UV flux. We reiterate that the models are designed to fit the smooth bulk of the starlight. However, we have noted that the radial profiles of the host galaxies presented here are not as smooth as those in the optical. The UV "bumps" correspond to compact regions of increased UV luminosityperhaps close companion objects or knots of star formation in the host galaxy. These were not apparent in the NICMOS rest-frame V imaging. The UV clumpiness, and compact UV morphology observed in some objects suggest that higher resolution imaging and IFU spectroscopy may reveal compact regions of star formation in the host galaxy, and hint at the possibility of discovering circumnuclear starbursts in some particularly UV-compact objects. Our results therefore support the growing consensus that quasar and AGN activity is strongly associated with recent star formation (possibly its truncation -see section 5.5), and suggest that this activity tends to be located in the central regions of the galaxy. In the radial profile, the best-fit model is shown as a solid line, with the PSF component indicated by a dotted line. Data points are azimuthal averages with 1σ error bars. Note the significant deviations from smooth profiles in the majority of cases. These bumps are traceable to numerous features in the image which may be nearby companions or mergers, or knots of star formation within the host galaxies themselves. This paper has been typeset from a T E X/ L A T E X file prepared by the author. Figure A5 . The RLQ PKS0938+18 at z = 0.940. We see the expected increase in nuclear domination by a factor of ∼ 3 from V to U : [Lnuc/L host ] V = 2.3; [Lnuc/L host ] U = 7.4. There is a loose collection of small candidate companions out to a radius of around 20 ′′ . In addition, there is some very low surface brightness "fuzz", 3 ′′ NW of the nucleus, which is left over in the modelling residuals and may indicate a merger. Figure A8 . The RLQ 4C02.54 at z = 0.976. In our image there is clear evidence for a merging companion 3 ′′ to the northwest, in addition to a number of other galaxies in close proximity to the quasar. If the large object 5 ′′ to the southeast is found to be at the same redshift as the quasar, then it too is a large elliptical galaxy. We find a higher level of nuclear dominance in rest-frame U : Figure A11 . The RQQ SGP2:11 at z = 1.976. We were unable to constrain the size or surface brightness of the host, but the total host-galaxy luminosity is well constrained. The quasar is nuclear-dominated at both wavelengths: [Lnuc/L host ] V = 4.7; Lnuc/L host ] U ∼ 12.3. There are some circumnuclear residuals, but these are compact. In U the host-galaxy size and surface brightness are poorly constrained due to the strong nucleus ([Lnuc/L host ] U ∼ 5). However, the total host-galaxy magnitude is well constrained. The residuals are remarkably clean. The apparent tail linking the quasar to the companion 3 ′′ west is probably diffraction spike residual that happens to coincide with the companion. . We see diffraction spikes from a nearby star at the top (southeast) of the image. There are four noticeable foreground / companion objects within 10 ′′ and the residuals show a compact (2 pixel) artefact just north of the nucleus that may be attributable to the PSF. Table B1 . Fixed Re results for the z ≈ 1 sample. The best-fit model from Table 3 is presented, together with models at fixed Re = 2, 5 and 10 kpc, and the best fit (J-band) model from K01. Note that the K01 sizes have been updated for the current cosmology and converted to Re. 
